Abstract Desert truffles are seasonal and important edible fungi that grow wild in many countries around the world. Truffles are natural food sources that have significant compositions. In this work, the antioxidant, chemical composition, anticancer, and antiangiogenesis properties of the Terfezia claveryi truffle were investigated. Solvent extractions of the T. claveryi were evaluated for antioxidant activities using (DPPH, FRAP and ABTS methods). The extracts cytotoxicity on the cancer cell lines (HT29, MCF-7, PC3 and U-87 MG) was determined by MTT assay, while the anti-angiogenic efficacy was tested using ex-vivo assay. All extracts showed moderate anticancer activities against all cancer cells (p < 0.05). The hexane extract inhibited the brain cell line (U-87 MG) with an IC 50 of 50 lg/ ml and significantly promoted cell apoptosis through the mitochondrial pathway and DNA fragmentation p < 0.001. The ethanol extract demonstrated potent antioxidants; DPPH, FRAP, and ABTS with an IC 50 value of 52, 48.5 and 64.7 lg/ml, respectively. In addition, the hexane and ethyl acetate extract significantly (p < 0.001) inhibited the sprouting of microvessels by 100% and 81.2%, at 100 lg/ml, respectively. The GC analysis of the most active extract (hexane) showed the presence of several potent phytochemicals such as stigmasterol, beta-Sitosterol, squalene, lupeol, octadecadienoic acid, and oleic acid. 
Introduction
The first reference of traditional medicinal plant use, dates back to 4000 years ago, where it was depicted on a Sumerian clay table that records remedies for various diseases (Kong et al., 2003) . Desert truffles have been documented as medicinal food in Chinese, Greek and Egyptian civilization, and were called the miracle of nature in Mesopotamia (Wang and Marcone, 2011; Badalyan, 2012; Patel, 2012; Bahrani, 2006) . Truffle is one of the oldest forms of food, it has been used as a meat substitute and consumed in large quantities due to their highly delicious taste and musky aroma (Mandeel and Al-laith, 2007; Al-Shabibi et al., 1982; Dundar et al., 2012) . It has a unique nutritional profile of unsaturated fatty acid, vitamins, minerals, and protein (Patel, 2012) and has been used for eye treatment in folk medicine (Janakat and Nassar, 2010) . Terfezia claveryi is among the various known edible truffles in the world, including Iraq where it grows naturally in the central, southern and western parts (Gutie´rrez et al., 2003; AlLaith, 2010) . The quantity of truffles is usually varied from season to season depending on the amount of rainfall (AlShabibi et al., 1982) . Several studies have reported the nutritional value of Iraqi truffles. Al-Delaimy (1977) investigated the amino acid compositions of T. claveryi. Al-Shabibi et al. (1982) reported that the black truffle T. claveryi contains 19.60% of saturated fatty acid with a high amount of linoleic acid. Different chemical constituents were reported in Iraqi truffles of the T. claveryi species as (17.6 2%) protein and (62% linoleic acid) (Al-Kaisey et al., 1996) . Another study conducted by Bokhary and Parvez (1993) on the Saudi T. claveryi reported the presence of (16%) protein, (28%) carbohydrate and (78%) total moisture. Noteworthy, the same species of truffles from different regions may not exhibit the same chemical composition; the diversity of the chemical profile is probably controlled by many environmental factors, such as amount of rain and time, soil types and climatic changes (Hussain and Al-Ruqaie, 1999) .
Despite its nutritional importance, the biological activities and phytochemicals of T. claveryi did not receive much attention. In addition, no reports on cytotoxicity, apoptosis, or antiangiogenic properties of the truffle T. claveryi were found. The phytochemical classes have a great role in the prevention and treatment of several diseases such as cancer, aging, and inflammation (Dahham et al., 2015) . Therefore, the aim of this study was to investigate the antioxidant, anticancer and antiangiogenic properties of the T. claveryi truffle. In addition, the apoptosis mechanism and the main chemical constituents of the most active extracts using (GC-MS) will be identified.
Experimental section

Chemicals and reagents
RPMI 1640 medium, Dulbecco's Modified Eagle Medium and F-12K medium were purchased from ATCC (American Type Culture Collection, from Rockville, MD, USA). All chemicals were purchased from Sigma-Aldrich, Darmstadt, Germany.
Cell lines and culture conditions
Human brain carcinoma cell line U-87 MG (HTB-14); human colorectal carcinoma cell line HT29 (CCL-247) and human hormone sensitive and invasive breast cancer cell line MCF-7 (HTB-22) were purchased from ScienCell USA. HT29 and U-87 MG cells were maintained in RPMI, whereas, MCF-7 was maintained in DMEM medium.
Sample extraction
T. claveryi truffles were collected from the western area of Iraq, cleaned, peeled, and sliced. The samples were dried in an oven at (35-40°C) and ground mechanically. Approximately 100 g of the sample was extracted with 500 mL of solvents (hexane, ethyl acetate, ethanol, methanol and water) at 40°C using the hot maceration method. The extracts were filtered and concentrated using a rotary evaporator (Buchi, USA). Extracts were stored at À20°C for further analysis.
DPPH radical scavenging activity
DPPH assay was carried out to evaluate the scavenging activity of the extracts Bondet et al. (1997) . The stock solution of DPPH was prepared at a concentration of 200 lM in absolute methanol while stock solutions of the extracts were prepared at a concentration of 10 mg/mL. DPPH was dispensed into a 96-well plate (100 lL/well) and 100 lL of the samples were immediately added at concentrations of (12.5, 25, 50, 100, 200 ) lg/ mL. Methanol and ascorbic acid were used as a negative and a positive control respectively. The mixtures were incubated at 30°C for 30 min in the dark and then the absorbance was measured at 517 nm. The obtained dose-response curves were used to calculate the median inhibitory concentration (IC 50 ).
Ferric reducing antioxidant power (FRAP) assay
The FRAP assay was conducted according to the method of (a˜ordevic´et al., 2010) with minor modifications. Truffle extracts (50 ll) were added at concentrations of (3.25-100 lM) to 1.5 ml of freshly prepared FRAP reagent. After 45 min of incubation, the absorbance was measured at 593 nm using infiniteÒPro200 TECAN (Switzerland). A standard curve was constructed using FeSO 4 solution.
ABTS cation radical scavenging assay
ABTS radical scavenging activity was determined according to the method by Re et al. (1999) . The ABTS + solution was prepared and stored in the dark at room temperature for 16 h. Then, 1 mL of the solution was diluted with 40 mL deionized water to yield working ABTS + solution with an absorbance equal to 0.70 ± 0.02 at 734 nm. To 180 lL ABTS + working solution, 20 lL test samples at serial concentrations (3.1-200 lg/ml) were added. After 10 min, the absorbance of the plate was read at 734 nm. The scavenging capability of ABTS + was calculated using the following equation:
where AS is the absorbance of ABTS + in the presence of sample, AABTS + is the initial concentration of the ABTS + .
Cytotoxicity assay
The MTT cytotoxicity assay was performed according to the method Ibrahim et al. (2011) . Cells were seeded at 1.5 Â 10 medium and were incubated at 37°C in 5% CO 2 overnight. Cells at 70-80% confluence were treated with the truffle extracts at a concentration range of (3.1-200 lg/mL). After a 48 h incubation, the medium was aspirated and MTT solution (5 mg/mL in sterile PBS) was added, and incubated for 4 h at 37°C in 5% CO 2 . After incubation, the wells were solubilized with 200 lL DSMO/well and the absorbance was measured by infiniteÒPro200 TECAN (Switzerland) at a primary wave length of 570 nm and reference wavelength of 620 nm. Each plate contained the samples, negative control and blank. DMSO (1% v/v) was used as a negative control. Tamoxifen, 5-fluorouracil, and butanilic acid were used as standard reference control for HT 29, MCF-7, PC3 and U-87 MG cell lines, respectively.
Detection of mitochondrial membrane potential loss
Detection of the changes in mitochondrial membrane potential (DWm) in U-87 MG cells treated with hexane truffle extract was assessed by the retention of Rhodamine 123 fluorescent dye. Normally, the dye interacts with the inner mitochondrial negatively charged membrane and accumulates in normal mitochondria, but the reduction of DWm leads to the dye leakage which will result in reducing the fluorescence intensity. In this study, the cells were separately seeded in 6 well plates and incubated overnight. The cells were treated with the active extract at a concentration of 50 lg, for 6 and 12 h intervals and then fixed using 4% paraformaldehyde for 20 min. DMSO (0.1%) and butanlic acid (10 lg/ml) were used as negative and positive controls, respectively. Rhodamine 123 was added to the cells at a final concentration of 5 lg/mL and incubated for 30 min to stain the mitochondria. The wells then were photographed using the inverted EVOS digital microscope (USA) at 20Â magnification power to monitor the fluorescent signals.
Determination of nuclear condensation
The effect of the truffle active extract on nuclear chromatin condensation for the most sensitive cells (U-87 MG) was quantified using Hoechst 33258 stain according to the method . The cell line was treated with the truffle extracts (50 lg) and analyzed at 6 and 12 h. DMSO (0.1%) and butanlic acid (50 lg/ml) were used as negative and positive controls, respectively. The cells were fixed in 4% paraformaldehyde for 20 min before staining with Hoechst stain 33342 (1 lg/mL in PBS) for another 20 min. Nuclear morphology was examined under a fluorescent microscope. Cells with brightly colored, condensed, or fragmented nuclei were considered as apoptotic. The number of cells with apoptotic morphology was counted in randomly selected fields per well. The cells were photographed at 20Â magnification, using EVOS digital microscope (USA).
Antiangiogenic effect of T. claveryi extracts
The angiogenic (blood vessel formation) inhibition was investigated using the rat aortic ring assay. This experiment was done according to the guidelines of OECD, and in accordance with the code of ethics of the World Medical Association (Declaration of Helsinki) for animal experiments. This assay was carried out as previously described by Al-Rawi et al. (2011) . Thoracic aortas were removed from euthanized male Sprague-Dawley rats (12-14 week old), rinsed with serum free medium and cleaned from fibro adipose tissues. The aortas were cross sectioned into small rings (1 mm thickness) and seeded individually in a 48-well plate in 300 ll serum free M199 media containing 3 mg/ml fibrinogen and 5 mg/ml aprotinin. 10 ll of thrombin (50 NIH U/ml) was added into each well and incubated at 37°C for 90 min. A second layer of M199 medium containing the truffle extracts was added at a concentration range of 6.25-200 lg/ml. Suramin and DMSO were used as positive and negative controls, respectively. After five days, rings were photographed using EVOS digital microscope (40Â magnification). Subsequently, lengths of the outgrown blood vessels from the rings were measured using Leica Quin software. The inhibition of blood vessel formation was calculated using the formula:
where A0 = distance of blood vessel growth in treated rings in lm, A = distance of blood vessels growth in the control in lm.
The results are presented as mean percent inhibition ± SEM, (n = 8).
Gas chromatography -mass spectrometry (GC/MS) analysis
Quantitative chemical analysis of the most active extracts was carried out using GC/MS (Agilent Technologies -Hewlett Packard Model, Santa, CA, USA). The assay conditions were as follows: HP-5MS capillary column (30 m Â 0.25 mm ID Â 0.25 lm, film thickness); held at 70°C for 2 min, raised to 285°C at a rate of 20°C/min and held for 20 min; 285°C for MSD transfer line heater; carrier gas helium at a flow rate of 1.2 mL/min; 2:1 split ratio. About 1 lL solution of SF-1 in chloroform (10 mg/mL) was injected automatically. Scan parameter low mass: 35 and higher mass: 550. The constituents were identified by comparison with standards using NIST 2002. A total ion chromatogram (TIC) was used to compute the percentage of the identified constitutes.
Statistical analysis
Results are expressed as mean ± SD. Differences between groups were compared by a one-way analysis of variance (ANOVA) using GraphPad Prism6 and considered significant at p < 0.05.
Result and discussion
In this study, the antioxidant, cytotoxic and antiangiogenic properties of T. claveryi solvent extracts were evaluated. However, this is the first study that investigates the DPPH, FRAP, ABTS, cytotoxicity, apoptosis and angiogenesis properties of the black truffle T. claveryi from Iraq. In addition, the main chemical composition of the most active extract was analyzed using GCMS analysis. The extraction yields varied based on the different solvent polarities as shown in Table 1 . The highest extracted yield was the water extraction with 2.89%, while the lowest extraction was the ethyl acetate extraction with 1.63%.
DPPH radical scavenging activity
DPPH is considered as one of the most effective methods for evaluating the concentration of radical-scavenging materials (Gordon, 2001 ). The results were calculated and presented as IC 50 values (the necessary amount of antioxidant that reduces 50% of the initial DPPH concentration). The DPPH radical scavenging activity results are shown in Table 1 . It has been found that all extractions of the truffle T. claveryi have significant amounts of radical scavenging activity. However, ethanol extraction showed the strongest DPPH radical scavenging activity with an IC 50 of 52 lg/ml, followed by water and methanol extract with an IC 50 of 57.9 lg/ml and 69.50 lg/ml, respectively, while the positive control ascorbic acid showed 49 lg/ml. Ethyl acetate showed the lowest DPPH (IC 50 121.84 lg/ml), whereas the hexane extraction was 87.21 lg/ml. These data showed that the DPPH activity was affected greatly by the extraction solvents. On the contrary from our result, ethyl acetate extracts of T. claveryi from Turkey exhibited the highest DPPH with an IC 50 of 57.73 lg/mL (Kıvrak, 2014) . Similar findings were obtained from Saddiq and Danial (2012) as they found that T. claveryi extract has a DPPH activity of 72. 6%. On the other hand, Al-laith (2010) stated that the Saudi truffle Tirmania nivea extract has an antioxidant between 24% and 69%, with a good EC 50 of 0.55-0.38 mg/ml, while Akyu¨z (2013) found that T. boudieri has a DPPH activity of 22.24%.
Ferric reducing antioxidant power (FRAP) result
FRAP is considered as a direct assay to measure antioxidant properties in various samples (Halvorsen et al., 2002 Bondet et al. (1997) , that the reaction of DPPH might be reversible with the presence of certain compounds which result in low readings of antioxidant activity. Therefore, other antioxidant assays are required to be done in order to evaluate the broad antioxidant activity of the samples. Moreover, the method of extraction and the extraction solvent has a great impact on the bioactive compounds presence and on the nutritional composition Rahman et al., 2011) . It has been reported that many truffle species have good FRAP value. According to Al-Laith (2010) desert truffle T. nivea have FRAP values ranging from 15.41 to 3.51 mmol/100 g dw. Andlauer and Heritier (2011) stated that the antioxidant power of tea is related to its FRAP antioxidant activity, they found that the FRAP values of green tea ranging from 1.053 ± 0.024 to 1.146 ± 0.016, yellow tea 0.709 ± 0.010, white tea 0.484 ± 0.002 mg TE/ml (Trolox Equivalents unit). According to this observation, it can be said that our samples have good FRAP values that lie within the range of yellow to white tea.
The ABTS scavenging assay result
This assay is used for determining antioxidant activity in various samples (Ozgen et al., 2006) . Thus, ABTS + was conducted to determine the total antioxidant capacity (TAC) of truffle T. claveryi. The result showed that the ethanol extracts of T. claveryi have the utmost inhibition activity with an IC 50 of 64.76 lg/ml followed by methanol and hexane, 92.63 and 96.28 lg/ml, respectively as shown in Table 1 . The water extract showed lower inhibition activity (IC 50 133.71 lg/ml), whereas the lowest activity was 102.5 lg/ml for the ethyl acetate extract. On the contrary, ethyl acetate extracts of T. claveryi from Turkey showed strong ABTS _ s+ scavenging activity (IC 50 17.34 lg/mL) (Buharalioglu et al., 2011; Kıvrak, 2014) . On the other hand, the ethanol extracts exhibited very close antioxidant activity to the standard ascorbic acid which was 58.4 lg/ml, which is similar to the DPPH result. This result showed that the ABTS _ s+ antioxidant activity supports our DPPH result. This was confirmed previously by Awika et al. (2003) , where they observed high correlation between ABTS and DPPH results. These findings indicate the significance of these antioxidants to the chemical profile properties of the truffle T. claveryi.
Cytotoxic effect of T. clavery extracts
In this study, the effect of the T. claveryi extractions on 4 types of cancer cell lines (U-87 MG, HT 29, MCF-7 and PC3) were investigated in 6 serial concentrations ranging from 3.125 to 100 lg/ml. The results are depicted in Table 2 . The result showed that the hexane extract significantly (p < 0.05) inhibited the human brain carcinoma cell line (U-87 MG), and was the most potent extract with IC 50 values of 50.3 ± 5.2 lg/ml, followed by ethyl acetate extract with an IC 50 The results are expressed as mean ± SEM of three independent experiments (n = 6).
of 72.6 ± 6.3 lg/ml. Moreover, ethanol and methanol extracts showed a moderate cytotoxicity against U-87 MG with an IC 50 value of 109.25 ± 9.51 and 136.2 ± 7.4 lg/ml, respectively. However, the hexane extract also inhibited the cell growth of PC3 and MCF7 cell line with an IC 50 of 106.1 ± 7.3 and 125.8 ± 6.5 lg/ml, respectively. On the other hand, the ethyl acetate extract showed similar inhibition activity against PC3 and MCF7 cell lines with an IC 50 of 121.6 ± 8.3 and 125.8 ± 6.5 lg/ml. While, the methanol extract showed a moderate activity toward the colon adenocarcinoma cell line (HT-29) with an IC 50 of (145.2 ± 7.2 lg/ml), followed by ethyl acetate, methanol, and hexane extract with an IC 50 of 163.5 ± 6.3, 210.84 ± 10.1 and 239.2 ± 14.3 lg/ml, respectively. Methanol extract also showed a moderate activity with an IC 50 value of 111.2 ± 4.8 and 252.3 ± 8.6 toward the PC3 and MCF7 cell lines, respectively. However, the water extract showed the weakest inhibition effect with an IC 50 of 242.4 ± 11.1 and 428.5 ± 19.3 lg/ml toward the PC3 and MCF7 cell lines, respectively. In this study, antioxidant results showed a variety of antioxidant scavenging activities that varied from extract to another. However, the hexane extract of T. claveryi which shows the most potent inhibition against most of the tested cells, showed the highest FRAP activity, a moderate DPPH and ABTS antioxidant properties. Moreover, the inhibition of cell growth by the T. claveryi extracts might be due to the power of the solvent in surpassing the antioxidant properties, in addition to the synergistic effect of several bioactive constituents and some peptide antibiotics that are present in T. claveryi Badalyan (2012) .
The effect of T. claveryi on the mitochondrial membrane
The loss of the mitochondrial membrane potential (DWm) in cells is a pre-apoptotic process that induces the mitochondria to undergo a manifest permeability transition (Marchetti et al., 1996) . Moreover, it has been well established that the apoptosis promoted by the mitochondrial pathway is accompanied by a decrease in the mitochondrial membrane potential (Li et al., 2015) . Therefore, Rhodamine 123 was used to determine the mitochondrial membrane potential reduction in treated U-87 MG cancer cell line cells with T. claveryi. The result showed that the hexane extract of T. claveryi induced a reduction in the mitochondrial membrane potential of U-87 MG cells using 50 lg/ml after 6 and 12 h as shown in Fig. 1a . Moreover, the treated cells looked brighter than the control (untreated cells). Furthermore, a strong intensity of fluorescence in the untreated cells indicates the aggressive growth and proliferation of the cells. Whereas, the fluorescent signal decreased in the cells treated with the hexane extract of T. claveryi as shown in Fig. 1b . These findings suggest that T. claveryi truffles might have a great effect in promoting cell apoptosis through the mitochondrial pathway.
The result of nuclear condensation by Hoechst 33342 stain
According to Marchetti et al. (1996) , cells first lose their mitochondrial membrane potential as a response to tumor necrosis factor or cycloheximide, then these cells will undergo late apoptotic changes, such as; the generation of reactive oxygen species (ROS) and DNA fragmentation. Therefore, in this study, Hoechst 33342 stain, a DNA binding dye was used to investigate the morphological changes in the apoptotic cells. The result showed that the number of apoptotic cells increased significantly (p < 0.05) when the cells were exposed to the hexane extract of T. claveryi at a concentration of 50 lg/mL for 48 h. The apoptotic cells showed distinct morphological characteristics expressed by the condensed and fragmented nuclei that formed clusters against the nuclear periphery or/and crescent-like nuclei as shown in (Fig. 2) . Furthermore, after a 6 and 12 h treatment with T. claveryi at a concentration of 50 lg/mL, apoptotic indexes were 17.2 ± 5.2, and 31.1 ± 5.6 for the T. claveryi and 18.6 ± 2.4 and 46.9 ± 2.1 for butanolic acid (positive control), respectively. This finding revealed that the hexane extract of T. claveryi has a potent apoptotic activity comparable and quite close to the butanolic acid (positive control) effect on the U-87 MG cancer cell line. These results indicate that the apoptotic pathway has a fundamental role on cancer cells inhibition effect using T. claveryi extracts.
Antiangiogenic of T. claveryi extracts
The anti-angiogenic property of the extracts was determined using rat aorta ring assay. The extracts of T. claveryi truffle were added to the isolated rat aorta rings at 6 different concentrations ranging from 3.125 to 100 lg/ml and incubated for 5 days. After the incubation, the new blood vessels outgrown from the seeded aorta rings were measured and quantified. The results of this experiment are shown in Table 3 . The result showed that using the hexane extract, the outgrown blood vessels of rat aorta rings were significantly inhibited compared to the control (p < 0.001) as shown in Fig. 3 . Moreover, the hexane extract inhibited 100% of new blood vessel development using the concentration of 100 lg/ml, and the IC 50 of this extract was found to be 36.1 lg/ml, followed by the ethyl acetate extract with an IC 50 value of 42.2 lg/ml. However, the methanol and ethanol extract inhibited the formation of new blood vessels, and showed a moderate and close value of The results are expressed as mean ± SEM of three independent experiments (n = 6).
anti-angiogenic activity, with an IC 50 of 96.6 and 91.3 lg/ml, respectively. However, the weakest antiangiogenic activity was obtained using the water extract. Previous studies showed that antioxidants act as natural angiogenesis inhibitors. Oak et al. (2005) asserted that antioxidant compounds have an influence on cancer angiogenesis, as these compounds are able to hinder the angiogenesis process by inhibiting the blood vessel formation. Moreover, Ahn et al. (2009) demonstrate a correlation between the antioxidant and antiangiogenic activity. Therefore, it can be said that the extraction solvents significantly influenced the chemical composition of the extract and its antioxidant concentration which highlights its potential antiangiogenic activity.
GC-MS result of T. claveryi extract
Quantitative chemical analysis of the most active extract of the T. claveryi (hexane extract) was carried out using GC-MS with an aim to identify the active compounds that might be responsible for its antioxidant, anti-proliferative, apoptosis and antiangiogenic properties. The results of the main chemical compositions of hexane extract of T. claveryi determined using GC/MS are shown in Table 4 . The GC-MS analysis revealed that the hexane extract of the T. claveryi composed of various phytosterols, triterpene, vitamin and aromatic compounds. However, the quantitative analysis of the tested extract revealed that the major dominant peak corresponds to stigmasterol at the highest concentration of (31.10%), followed by beta-Sitosterol (15.73%), squalene (10.09%), lupeol (6.42%) as shown in Fig. 4 . Interestingly, the entire detected chemical compounds in the hexane extract of T. claveryi were recognized as anticancer agents in many previous studies. Stigmasterols, beta-Sitosterol, and campestanol are plant sterols or phytosterol, which are structurally similar to cholesterol and exist in several forms in plants (Ostlund, 2002) . According to Woyengo et al. (2009) The results are expressed as mean ± SEM of three independent experiments (n = 6).
2007), and inhibited 83% of tumor size at a concentration of 10 mg/kg (Ghosh et al., 2011) . In fact, many studies have confirmed the presence of stigmasterol in most of the nuts and seeds, as well as olive oil. According to Bradford and Awad (2007) the stigmasterol concentration in sesame oil is 28 mg/ ml, and this concentration is quite close to the concentration of stigmasterol in our tested sample. Noteworthy, sesame oil dramatically inhibited the growth of the HT-29 malignant human colon cell line (Salerno and Smith, 1991) . Another compound, squalene, which is a natural triterpene was also present in the hexane extract chemical analysis of T. claveryi. It has been reported that squalene has chemopreventive and antitumor effects on colon cancer cells contributing either directly or indirectly in treating cancer due to its potential effect (Rao et al., 1998; Smith, 2000; Reddy and Couvreur, 2009 ). On the other hand, the detected compound lupeol, is Figure 3 Shows images of the angiogenesis inhibitory effect of the T. claveryi extracts. C1; negative control, a DMSO treated ring shows a full growth of blood vessel. C2: hexane extract, treated ring showed 100% inhibition using 10 lg/ml. C3; ethyl acetate extract showed 81% inhibition of blood vessel using 10 lg/ml, C4; methanol extract showed 55% inhibition of blood vessel using 10 lg/ml, C5; ethanol extract showed 49% inhibition of blood vessel using 10 lg/ml, C6; water extract showed 41% inhibition of blood vessel using 10 lg/ml. C7 and C8 Suramine showed 100% inhibition of blood vessel using 10 lg/ml. *** a triterpene present in diverse plant families e.g. grapes, mango, carrot, cucumber, soybean, melon, aloe and serve as major active constituents in several herbal medicines (Gallo and Sarachine, 2009) . Lupeol is a novel anti-cancer dietary triterpene, it inhibits skin cancer in CD-1, and induces apoptosis in HL-60 human leukemia cells (Aratanechemuge et al., 2004; Zhang et al., 2009; Saleem, 2009; Saleem et al., 2004) . On the other hand, it has been found that lupeol at 50 and 30 lg/mL showed a remarkable antiangiogenic activity (You et al., 2003) . Therefore, it can be speculated that this compound might be behind the angiogenesis activity of T. claveryi hexane extract. Similarly, Carrillo and Cavia (2012) deduced that oleic acid has antitumor and antiproliferation effects on PC3, while, Hayshi et al. (1998) confirmed that octadecadienoic acid also has an antitumor activity. On the other hand, Wang and Marcone,(2011 stated that hexadecanoic acid is an aromatic compound found in many truffle Tuber species and is responsible for the aroma of truffle species. Likewise, Sawaya et al., 1985 said that the concentration of ascorbic acid in T. claveryi of Saudi Arabia is (5.10 mg/100) which is higher than the ascorbic acid concentration of our tested extract of T. claveryi. From the previous points, it can be speculated that the anticancer, apoptosis and antiangiogenic activity of T. claveryi is due to the presence of these main chemical constituents and the synergistic effect between them, as per only stigmasterol and beta-Sitosterol forms about 47% of the extract. In addition, the presence of antioxidants might also be behind its activity due to its significant role in disease prevention and treatment (Dillard and German, 2000; Lobo et al., 2010) .
Conclusion
This is the first study that shows the dynamic range of biological activities of Iraq truffle extracts. In this study, the extracts of T. claveryi were found to have a potent antiproliferation, antiangiogenic and antioxidant properties. The chemical analysis of T. claveryi exhibited the presence of some phytosterols, triterpenes and vitamins. The antioxidant, antiangiogenic and anticancer effects were emitted by the present of some bioactive components such as phytosterol, triterpenes, fatty acid and vitamins. Therefore, these findings provide evidences of truffle health benefits, owing it to its antioxidant and nutrient properties which may be used in nutraceutical or pharmaceutical industries. However, further studies on the mechanisms of the bioactive compounds of this extract could probably lead to the discovery of promising chemotherapeutic agents. Figure 4 The total ion chromatograms (TIC) of the hexane extract of T. claveryi (the most active extract) showing the peaks of the main active compounds.
